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IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 

APPLICANT^) : BOWEN, Philip J. et al 

SERIAL NO. : 10/502,080 

FILED : October 8, 2004 

FOR : SOLENOPSIN A, B AND ANALOGS AS NOVEL ANGIOGENESIS 

INHIBITORS 

GROUP ART UNIT : 1628 

Examiner : Paul E. Zarek 



Mail Stop Amendment 
Commissioner for Patents 
P.O.Box 1450 
Alexandria, VA 223 1 3- 1 450 

FURTHER DECLARATION OF DR. JACK L. ARBISER 

I, Jack L. Arbiser declare as follows: 



1 . I am a co-inventor of the subject matter of the above-referenced patent 

application. 

2. In 1983, 1 received a B.S. degree in Chemistry from Emory University, 
Atlanta, Georgia. 

3. In 199!, 1 received a Ph.D. degree in Genetics and a MD degree in Medicine 
from Harvard Medical School, Boston, Massachusetts. 

5. From 1 994-1 998, 1 participated in the Howard Hughes Postdoctoral 
Fellowship, Laboratory of Judab Folkman, M.D.. Harvard Medical School, Boston 
Massachusetts. 



6. Since 1 99 1 , 1 have studied the m echanisms of how oncogenes and tumor 
suppressor genes regulate angiogenesis and tumorigenests. This work has resulted in the 



Declaration of Dr. Jack L. Arbiser 10-11 1 S.N. 10/502,080 

B40-002 



PAGE 16145 * RCVD AT 12/612011 9:37:37 AM [Eastern Standard Time] * SVR:W-PTOFAX-001/26 * DfflS:2738300 * CSID: 1 2038706002 * DURATION (mm-ss):09-35 



12/96/2011 10:37 12038706002 



COLEMAN SUDOL SAPONE 



PAGE 17/99 



discovery of small molecu le inhibitors of tumor growth , and a novel method of predicting tumor 
signaling based upon loss of tumor suppressor genes p53 and pl9ink4a. I have substantial 
scientific and medical expertise in cancer and clinical oncology. 

7. I am presently a Professor of Dermatology, Emory University School of 
Medicine, Atlanta, Georgia. I have held this position since September, 2009. 

8. I am also presently an Attending Physician, Atlanta Veterans Administration 
Medical Center, Atlanta Georgia. I have held this position since 2001. 

9. In 2008, 1 was the Chief of Service of Dermatology and the Chief of 
Dermatology, Atlanta Veterans Administration Medical Center, Atlanta Georgia. 

10. In 2007, 1 was the Director of Research, Department of Dermatology, Emory 
University School of Medicine, Atlanta, Georgia. 

1 1 . From 2004 to 2009, 1 was an Associate Professor in the Department of 
Dermatology, Emory University School of Medicine, Atlanta, Georgia. 

1 2. From 1 998 to 2004, 1 was an Assistant Professor in the Department of 
Dermatology, Emory Uni versity School of Medicine, Atlanta, Georgia. 

13. In 1998, 1 was an Attending Physician, Emory University School of Medicine, 
Atlanta, Georgia 

14. From 1995 to 1998, 1 was an Instructor in the Department of Dermatology, 
Harvard Medical School, Boston, Massachusetts. 

15. From 1992 to 1994, 1 was a Resident in Dermatology, Massachusetts General 
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Hospital, Boston, Massachusetts. 

16. From 1991 to 1992, 1 was an Intern in Internal Medicine, Beth Israel Hospital, 
Boston, Massachusetts. 

17. From 1985 to 1991, 1 was in the Medical Scientist Training Program, 
Department of Genetics, Harvard Medical School. Boston, Massachusetts. 

18. In 1 984, 1 was a Research Assi stant, Department of Rheumatology, 
Massachusetts General Hospital, Boston, Massachusetts. 

19. In 1983, 1 was a Research Assistant, Department of Pediatrics, Emory 
University, Atlanta, Georgia. 

20. In 1979, 1 was an Undergraduate Research Assistant, Department of 
Chemistry, Emory University, Atlanta, Georgia. 

21 . I have received numerous awards and honors for my scientific work including 
receiving the Albert E. Levy Scientific Research Award for Senior Investigator in 2007, and 
receiving the Emory School of Medicine Dean's Clinical Scholar award from 2000-2003 and 
2004-2006 among other awards and honors. 

22. I am a member of the Emory Medical Student Research Committee (2001 - 
present) and the VA Research and Development Committee (2007-present). I am also a member 
of the Dermatology Foundation Medical and Scientific Committee External Advisory Board, 
University of Arizona Cancer Center, the Sturge- Weber Foundation Scientific Advisory Board 
(2001 -present) and the American Academy of Dermatology -NAID Liaison (1998-present). I 
was an Organizer for the 48 th Montagna Annual Symposium on the Biology of Skin, Snowmass 
Colorado (1999), I have been a Membership Chair of the Society for Investigative Dermatology 
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(2001-2002) and a Resident/Fellow Representative for the Society of Investigative Dermatology 
(1995-1997), 

23. 1 have been a member of the following societies: the American Association 
for Cancer Research, The Society for Investigati ve Dermatology, the American Academy of 
Dermatology, the Tuberous Sclerosis Alliance, the Dermatology Foundation and the Sturge- 
Weber Foundation, 

24. 1 am on the Editorial Boards for Pigment Cell Research (2007-prcsent) and 
Journal of Investigative Dermatology (2001-present). I have been on the Editorial Boards for 
Journal of the Cutaneous Medicine and Surgery (2002-2005) and Journal of the American 
Academy of Dermatology (2001-2004). I was also a Guest Editor for Seminars in Cancer 
Biology, Karolinska Institute. 

25. I have published over 200 scientific papers and 1 have published extensively 
in the scientific area of cancer research, including the mechanism by which cancer occurs, 
including the role of angiogenesis in cancer pathogenesis, including tumorigenesis. 

26. The above paragraphs clearly establish a foundation for my medical and 
scientific expertise in cancer, including experimental cancer and clinical oncology, in providing 
the instant declaration. 

27. I am familiar with United States patent application serial number 10/502,080, 
of which I am a co-inventor. I understand that the presently pending claims are directed to a 
method of treati ng cancer or a tumor in a patient comprising administering to a patient in need an 
effective amount of a composition which comprises a compound as otherwise set forth in the 
presently pending claims, namely claims 40, 50-56 and 66. Essentially, the presently pending 
claims are directed to the discovery that compositions which contain effective amounts of a 
compound as claimed are effective to treat a number of cancers and tumors. This is based upon 
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the fact that the compounds which are set forth in presently pending claims 40, 50-56 and 66 
inhibit cancer and/or tumor growth by a mechanism, which inhibits angiogenesis in the 
cancer/tumor tissue. By inhibiting angiogenesis, the presently claimed methods provide a 
generic approach to the treatment of any number of cancers and tumors as set forth in presently 
pending claims 40, 50-56 and 66. 

28. It is my opinion that the presently claimed methods of treating tumors and/or 
cancer are useful and are expected to work as described and claimed, given that angiogenesis is 
an important generic mechanism by the way tumors and/or cancer grow and elaborate, and the 
presently claimed methods set forth in pending claims 40, 50-56 and 66 are directed to methods 
which utilize the inhibition of angiogenesis as a general mechanism to treat tumor and/or cancer. 
The compound which is claimed for use in the present method, solenopsin A, is an. excellent anti- 
angiogenesis compound which exhibits broad activity against a large number of cancers, 
reflective of that mechanism as an angiogenesis inhibitor. 

29. Angiogenesis comprises the development of a new vasculature for a tissue 
with increased metabolic demand. In adult life, the new tissue is likely to be a tumor or cancer, 
either benign or malignant, or an inflammatory process, such as psoriasis, inflammatory bowel 
disease, arthritis, asthma, multiple sclerosis, type H diabetes, lupus, and other diseases. The 
major sources of the blood vessel cells (endothelial cells) that are required for this process are 
recruitment of blood vessel cells from local pre-existing capillaries, or recruitment of cells from 
bone marrow that can turn into endothelial cells. Both processes contribute to the 
vascularization of a tumor or an inflammatory process. One of the commonalities of both 
inflammatory and tumor derived (neoplastic processes) is that they elaborate factors that recruit 
endothelial cells. The major factors for these processes include vascular endothelial growth 
factor (VEGF) r basic fibroblast growth factor (bFGF), inflammatory cytokines (such as 
interleulcin-8, and other factors), which stimulate the migration and proliferation of endothelial 
cells. The laboratory of Judah Folkman, MD, proved the absolute requirement of angiogenesis 
for the growth of malignant tumors. Based upon Or, Folkman's pioneering work, angiogenesis 
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inhibitors have been developed for the treatment of human diseases, in particular the treatment of 
tumors and cancer. 

26. Two strategies have been developed for the assessment of angiogenesis 
inhibitors. The first is direct inhibition, in which the activity of growth factors on the receptors is 
directly antagonized. The second is indirect inhibition, in which the ability of tumors to produce 
growth factors is inhibited. The phosphoinositol-3 kinase pathway, which is activated in virtually 
all tumors, is implicated in both direct and indirect angiogenesis inhibition. 

27. Direct antiangiogenesis inhibition is now in clinical use for the treatment of 
cancer* The most prominent example is that of avastin (bevacizumab) that directly blocks the 
activity of VEGF on endothelial cells. Avastin is commonly used for the treatment of kidney 
and colon cancer, and more recently in brain cancer (glioblastoma). While avastin has been 
shown to be of clinical benefit, it is not curative and has well known side effects, such as 
hypertension and bleeding. In addition, the tumor hypoxia that is induced by avastin is thought 
to cause adaptation in the tumor, such as increased local invasion and elaboration of more growth 
factors in order to relieve the avastin-induced tumor hypoxia. Other strategies are being 
developed, but it is likely that any strategy that increased tumor hypoxia by itself will ultimately 
not cure a tumor. 

28. Indirect inhibition of angiogenesis is an attractive strategy that has not been 
sufficiently explored. My studies in the Folkrnan lab, published in the Proceedings of the 
National Academy, were the first to demonstrate that blockade of phosphoinositol-3 kinase was 
able to inhibit the growth of a tumor in vivo. Blockade of phosphoinositol-3 kinase is an 
attractive strategy for several reasons. First, it blocks the production of growth factors by the 
tumor. Second, it causes increased apoptosis (programmed cell death) in tumors themselves. 
Finally, it is believed to prevent the metabolic adaptations in tumors caused by antiangiogenic 
therapies. Since phosphoinositol-3 kinase is such an important target, we regard it as a major 
focus to inhibit this pathway and to treat tumors and cancer. We discovered that soienopsin, a 
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naturally occurring alkaloid in the venom of the fire ant (Solenopsis invicta), is a potent inhibitor 
of this enzyme. In. addition, we have shown that this compound clai med in the present invention 
is a potent inhibitor of angiogenesis in the zebrafish model and that solenopsin is stable and may 
be used as a pharmaceutical agent. See the previously submitted references, Arbiser, et a!, 
Blood, 15 January 2007, Volume 109, Number 2, pages 560-565, which teaches the inhibition of 
angiogenesis by solenopsin consistent with its use as an anticancer agent, and Park, et aL> 
Journal of Infectious Diseases, 15 October 2008, 198, 1 198-201 , which teaches that solenopsin 
is stable and may be used as a small molecule pharmaceutical agent as set forth in the present 
invention. The inhibitory activity, small molecular size and stability of solenopsin, which make 
it amenable to topical, systemic and oral administration, make it an attractive molecule for the 
treatment of tumors and cancer. It thus represents close to an ideal compound for providing 
generic therapy against a variety of cancerous tissue. 

29. By way of cellular experimental evidence, recently the following 
experiments on a benign tumor cell line (FP52-SV) and malignant sarcoma cell (tsc2angl ) were 
conducted. In these experiments, the anti-proliferative/anti cancer activity of solenopsin A (a 
compound claimed in the present application) were tested in the two cell lines. More 
specifically, 10,000 cells from benign tumors (FP52-SV40) or malignant sarcoma cells 
(tsc2angl) were plated in 24 well plates. 24 hours after plating, the cells were treated with 
solenopsin in concentrations ranging from 0-20 micromolar or vehicle control A number of 
other compounds were also tested. 24 hours after solenopsin treatment, the cells were 
trypsinized and counted with a cell culture. 

30. The results of the experiments which are described in paragraph 29, above 
are shown in the attached Exhibits 1 and 2. In the first assay, the proliferation assay performed 
on the benign tumor cell line FP52 SV40, the antiproliferative effect of solenopsin on the cells 
is clearly evidenced (see attached Exhibit 1). Noted is the fact that a concentration of solenopsin 
at 10 micromolar provided significant inhibition of cell proliferation (approximately 80%). The 
graph also evidences that anti -proliferative activity of solenopsin was synergistic with 
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imipratnine blue where both compounds were used at a concentration of 1 micromolar. In the 
second experiment, the effect of solenopsin at varying concentrations was tested against 
malignant sarcoma TSC2angl cells (Exhibit 2). In this experiment, solenopsin exhibited 
excellent antiproliferative/anticancer activity against the sarcoma cell line with a concentration 
of 10 micromolar solenopsin being particularly effective, with concentration of solenopsin of 15 
and 20 micromolar being slightly less effective than the lower concentration of 10 micromolar. 
In a third experiment, solenopsin was tested against a malignant melanoma cell line A375 
(Exhibit 3). In this experiment, solenopsin exhibited excellent antiproliferative/anticancer 
activity against the melanoma cell line at a concentration of 10 micromolar with significant 
anticancer activity at a concentration of 10 micromolar. In all three experiments, the results of 
which are presented in attached Exhibits 1 , 2 and 3, solenopsin showed substantial 
antiproliferative/anticancer activity in cell-based assays consistent with its use as a generic 
anticancer agent as claimed in the present invention. 

3 1 . Recently, solenopsin A was tested by the National Cancer Institute (NCI) 
against a number of cancer cell lines. This in vitro testing was conducted in 60 human tumor cel l 
lines in the following cancers; breast, central nervous system, colon, leukemia, melanoma, non- 
small cell lung, ovarian, prostate and renal. Pursuant to NSC guidelines, each drug (in this case, 
NSC 166588 (Solenopsin A) is exposed to 60 humor tumor cell lines of the various cancer cited 
above at five different doses for 48 hours. The results of the in vitro testing in the 60 cell lines is 
presented in attached Exhibit 4. The NCI results evidenced that in all of the tutnor cell lines 
tested, solenopsin exhibited substantial anti-cancer activity at 1 to 100 micromolar 
concentrations, depending on the cell line, consistent with its use as an anti-cancer agent. All 
cell lines were impacted by the Solenopsin treatment, evidencing that Solenopsin exhibited anti- 
cancer activity against every cell line in the 60 cell-line panel. 

32. In addition to the experimental data which is presented in attached Exhibits 
1-4, which clearly evidences that solenopsin exhibits generic anticancer activity against a 
number of different cancers and a large number of cel l lines, the mechanism of action of 
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solenopsin and its anticancer activity is completely consistent with its use in a number of 
additional cancers. In particular, a review of the literature evidences that the inhibition of 
phosphatidyl inositol 3-kinase as part of an anti-angiogenesis mechanism is relevant to cancer 
treatment in a broad range of cancers, including skin cancer, colorectal cancer, head and neck 
cancer, breast cancer, including metaplastic breast cancer, lung cancer, pancreatic cancer and 
skin cancers, including basal cell carcinoma, squamous cell carcinoma and melanoma. In 
support of the generic utility of the present invention as a treatment for numerous cancers, 
enclosed herewith are a number of peer reviewed publications in the scientific literature which 
evidences that inhibition of phosphatidyl inositol 3-kinase (the inhibition of the pathway through 
which solenopsin exhibits its generic anti-cancer effect) is consistent with cancer growth 
inhibition and apoptosis of cancer cells. This mechanism is shown to be important for the 
treatment of a number of cancers including skin cancers (see Anto, et al., The Journal of 
Biological Chemistry, 278, 28, pp. 25490-25498. August, 2003 5 copy enclosed), colorectal 
cancer (see Baba, et al., Cancer, April 1, 201 1, pp. 1399-1408, copy enclosed), head and neck 
cancer (see Bian, et al., Cancer Res., 2009, July 1 5; 69(1 4), pp. 591 8-5926, copy enclosed), 
breast cancer (see Capodanno, et al, Human Pathology, 2009 ? 40, 1408-1417 and Hennessy, et 
al., Cancer Res., 2009, May 15, 69(10) pp. 41 16-4124, copies enclosed), lung cancer (see 
Capuzzo, et al, Journal of the National Cancer Institute, 96, 1 5, August 4, 2004, pp. 1 133-1 141, 
copy enclosed), pancreatic cancer (Chen, et al., Pathol. Oncol. Res. f 2011, 17:257 pp. 257-261, 
copy enclosed), skin cancers, including melanoma, squamous cell carcinoma and basal cell 
carcinoma (see Jee, et al, The Journal of Investigative Dermatology, 1] 9, 5, pp. 1 1 2 1 - 1 1 27, 
2002 and Ming, et al., The Journal of Investigative Dermatology, 129, pp. 2109-2112, 2009, 
copies enclosed), brain cancer (see Rong,et al., PNAS, 101, 52, pp. 18200-18205, December 28, 
2004, copy enclosed) and ovarian cancer (see Wang,et al., Oncogene,!*, 3574-3582, 2005, copy 
enclosed). These references evidence the dramatic generic role that phosphatidyl inositol 3- 
kinase plays in a variety of cancers and also evidences that inhibition of this enzyme is material 
to the treatment of these cancers. 

33. Given the exceptional inhibitory activity solenopsin displays against 
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phosphoinositol-3 kinase and the direct and indirect role that phosphoinositol-3 kinase plays in 
promoting angiogenesis, a critically important process in tumor/cancer growth and elaboration, 
as evidenced by the literature cited and enclosed, as well as the experimental test results which 
are described in paragraphs 29-31, above, it is ray expectation that solenopsin will prove to be an 
effective agent against tumors and cancer by inhibiting angiogenesis in cancer tissue through 
inhibition of phosphoinositol-3 kinase. This expectation is corroborated by the favorable 
antiproliferative/anticancer activity exhibited by solenopsin in the cell-based assays which are 
described above and in attached Exhibits 1-4, as well as the literature cited which further 
evidences the broad generic role that phosphoinositol 3-ki.nase plays in cancer treatment. By « 
virtue of the inhi bitory activity of the compounds which are presently claimed in the pending 
method claims, it is my expectation that these compounds will prove to be effective anti-cancer 
agents against a broad range of tumors and cancer. 

34. As a separate point, I understand that Examiner Zarek has objected to 
Figure 5 in the original application for the reasons which are cited in the July, 201 1 office action 
on pages 6-7. Applicants submit that the entry for Solenopsin in figure 5, in particular for the 
entry at a concentration of 6 micrograms/mL, which presents data for an SVR inhibition assay 
conducted prior to the filing of the present application, is an artifact of the experimental 
conditions run at the time the figure was generated. The SVR assay, the results of which are 
presented in the original specification, may be viewed as a screen for preliminary results. The 6 
microgram test result from the SVR assay of Figure 5 is an experimental artifact that may be 
attributed to a number of factors, including but not limited to aggregation effects, solubility, 
sample purity, etc. Occasionally, in the SVR assay, concentration effects have been 
observed. In such cases either the assay is repeated or other experiments are carried out. In this 
case, we have repeated this experiment several times and a more accurate experiment is 
presented in figure 2 of the previously submitted Blood 2007 paper, referenced above in 
paragraph 29. We have repeated the experiment several times with, the same results which are 
presented in figure 2 of the Blood 2007 paper. The combination of experiments described above 
unambiguously demonstrates that solenopsin A is inhibiting angiogenesis and by the akt 
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pathway. 

35 . I further declare that all statements made herein of my own personal 
knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willful false statements may jeopardize 
the validity of the application or any patent issued thereon. 

Date: 

. Jack L. Abiser, MD, PhD 
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pathway, 

35. I further declare that all statements made herein of ray own personal 
knowledge are true and that all statements made on information and belief are believed to be 
true; and further that these statements were made with the knowledge that willful false 
statements and the like so made are punishable by fine or imprisonment, or both, under Section 
1001 of Title 18 of the United States Code, and that such willfol false statements may jeopardize 
the validity of the application or any patent issued thereon. 



Ja&JL Abiscr, MD, PbD 
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EXHIBIT 1 
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EXHIBIT 4 
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NATIONAL CANCER INSTITUTE DEVELOPMENTAL 
THERAPEUTICS PROGRAM 
DOSE RESPONSE CURVES FOR NSC 166588 
(SOLENOPSIN A) 
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Epidermal growth factor (EGF) is a well known mito- 
gen, but it paradoxically induces apoptosis in cells that 
overexprees its receptor. We demonstrate for the first 
time that the EGF-induced apoptosis is accelerated if 
NF-tfB is inactivated To inactivate NF-*B, human epider- 
moid carcinoma cells CA431) that overcxpress EGF recep- 
tor were stably tranefected with an t*B-« double mutant 
construct. Under the NF-KB-ittactivated condition, A431 
cells were more sensitive to EGF with decreased cell via- 
bility and increased extern ah zation of phosphatidyl- 
serine on the cell surface, DNA fragmentation, and acti- 
vation of caspases {3 and 8 but not 9) t typical features of 
apoptosis- Theso results were further supported by the 
potentiation of the growth inhibitory effects of EGF by 
chemical inhibitors of NF-kB (cur cumin and sodium salic- 
ylate) and the protective role of RelA evidenced by the 
resistance of A431-RelA cells (stably transfected with 
RelA) to EGF' induced apoptosis. EGF treatment or ec- 
topic expression of RelA in A4JJ1 cells induced DNA bind- 
ing activity of NF-kB (p50 and RelA) and the expression of 
c-IAPl, a downstream target of NF-kB. A431-ftelA cells 
exhibited spontaneous phosphorylation of Akt (a down- 
stream target of phosphatidylinositol 3-ldnase and regu- 
lator of NF-kB) and EGF treatment stimulated it further. 
Blocking this basal Akt phosphorylation with 
an inhibitor of phosphatidylinositol 3-kinase, did not af- 
fect their viability but blocking of EGF-mduced phospho- 
rylation of Akt sensitized the otherwise resistant A431- 
RelA cells to EGF-mediated growth inhibition. Our 
results favor an anti-apoptotic role for NF-kB in the 
regulation of EGF-induced apoptosis. 



Epidermal growth factor (EGF V is a polypeptide (G-kDa) 
that belongs to the EOF family of ligands (heparin binding 
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EGF, transforming growth factors, arnphiregulin, 0-celhiJin, 
epireguHn, and ncurcgulinsO binding to specific cell surface 
receptors Q, 2). Upon Hgand binding the epidermal growth 
factor receptor (EGFR) dirocrizes, autopho-sphorylgtes it&elf, 
and recruits a cascade of signaling molecule* before transrnit- 
tmg potent mitogenic signalH in many cellular systems f 1, 3.). 
EGFR if? overGxpressed in a number of human malignancies 
including cancers of the lung, head and neck, brain, bladder, 
and breast (4). Furthermore, increased EGFR expression cor- 
relate with a poorer clinical outcome for patients with breast, 
and ovarian canceTS ( 5, 6). Whereas EOF is a potent mitogen, it 
paradoxically induces apoptosis in cells that overexpress EGFR 
such as A431 (7). Experimentally increasing the level of EGFR 
expression in epithelial, mesenchymal, or glial cells also leads 
to ligand-dependent apoptosis (8). Another ligand of the EGF 
family, heregulin (also known as neuregulin), is known to in- 
duce apoptosis in cells that overexpress ErbB2, the second 
member of the EGFR family (9). In addition, epireguiin also 
inhibited cell growth in EGFR-overexpressing cells (10). Induc- 
tion of omphiregulin rnRNA was observed in EGF-induced 
apnptogiw (11) and interaction of EGF with pro*heparin-binding 
EGF leads to frrowth inhibition and apoptoBis (12). Growth 
factors other than EGF ?nch as platelet-derived growth factor 
snd hepetocyte growth factor can also trigger cell cycle arrest 
and death in a variety of cells (13, 14) and in addition, EGF 
enhanced the apoptotic effect of platelet-derived growth factor 
(14). Ad EGF*relaced protein, CripfoKL promotes apoptosis in 
HC-U. mouse mammary epithelial cells (15). Anoikis, activation 
of EGFR tyrosine kinase, Ras-MAP kinase signaling, and the 
elevation of Statl and p21. levels have been advocated as racch- 
gnisms driving EGF-induced apoptosis (11, 26-18) but, the ac- 
tual mechanism appears to be more elusive and complicated. 

Apoptosis or programmed cell death is a physiological proc- 
ess characterized hy distinct morphological and biochemical 
features that innlude membrane blebbine;, chromatin condensa- 
tion, cytoplasmic shrinking, DNA fragmentation, and activation 
of different caspases (19). Typically two different pathways, ex- 
trinsic receptor- mediated and intrinsic Tnitochondria-mediated. 
leading to apoptosis have been identified f20, 21). Mostly cyto- 
kines of the tumor necrosis factor (TNF) supcrfarnily induce 
apoptosis by interaction of the IigaDd with its death receptor, 
which sequentially recruits TNF receptor-associated death do- 
main, Fas-associated death domain., caspase 6. and caspaae 3. 
the last then cleaves various substrates leading to apoptosis. In 
contrast, the mitochondria -modi a tod pathway involves the re- 
lease of cytochrome e from the mitochondria, and cytochrome c 
together with Apafl activates caspase 9> and the latter then 
activates caspase 3. resulting in apoptosis (20, 21). Tumor cells 
often evnde apoptosis by expressing several anti-apoptotic pro' 
teinH auch as Bci-2, down -regulation and mutation of pro- 
apoptotic genes and alterations of p53, FMK/Akt. or NF-kB 
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pathways that give them survival advantage and thereby resist 
therapy-induced apoptosis 120). 

NF-kB is a family of transcription factors activated by a 
diverse number of stimuli including EGF. cytokines, such as 
TNF-cr and interleukin-1, UV irradiation, and Kpopolysaccha- 
rides (22). EGF has been reported to activate NP-kB in smooth 
muscle cell**, fibroblasts, and in several EGFK-overexpresfting 
cell lines (23-25). Binding of IkB to NF-kB inafika nuclear 
localization signals and prevenia its translocation to the nu- 
cleus (26;. Stimulation of cells with a diverse, array of stimuli 
results in phosphorylation of IxB-r* on serines 32 and 36 at its 
NHjj-terminah This leads to the ubiquitination and degrada- 
tion of IkB-ci, allowing NF-kB to translocate to the nucleus and 
activate transcription (22, 26). Inhibition of MF-«13 activity 
potentiates cell killing of human breast cancer and fibrosar- 
coma cell lines by TNF-u, ionizing radiation, and daunorubiein 
(27-29), NF-kB inhibition sensitized tumors in mice to eheroo- 
therapeutic compound CPT-ll-mediated cell killing (30). 
NF-kB directly causes increased expression of proteins that 
contribute to the survival of tumor cells such as inhibitor? of 
apoptotic proteins (lAPs) (31, 32). Results from our laboratory 
have shown earlier that ectopic expression of the Re LA Bubunit 
of NF-xB into murine fibrosarcoma cells protects them from 
curcirrriia-inducQd apoptosis (33). 

To understand whether NF-kB plays any role in EGF-in- 
duced apoptosis, we used A43J cells that overexpress EGVR 
and stably traiisfected them with a mutant IkB [known to 
inactivate NF-kB) or RelA (known to activate NF-kB). Using 
several parameter* to assess apoptosis such as viability, exter- 
nalization of phosphatidylserine (PS) on the cell surface, DNA 
fragmentation^ and activation of caspases we report that 
A431 cells are more sensitive to EGF-induced apoptosis under 
NF-KT3-mactiva1.ed conditions whereas its activation confers 
resistance. 

EXPERIMENTAL PROCEDURES 
Rtxtgeni*. Chtttnicnte. and Antifatdivs—EGJ? (isolated from male 
mouse pubmsxiliflry gland?), Oulbecco'a minimum essential medium, 
and fetal bovine serum wen; procured from IrmtroRen. Curcurain, 
sodium salicylate, MOT (3-(4.5-dimethylthiazol-2-yl)-2,C5-cliphcnyltetra' 
znlivm bromide), nitro blue tetrB7oHum/5-bTomo-4.chloro-3-iridolyl 
phosphate aubRf.ro t<i mixture, and a mouse monoclonal antibody to 
fl-Octin (A-eVMlf were purchased from Sigma. Fluorimctric substrates 
for easpase 3 (Ac-DEVD-AFC number 2643.57) and easpase 9 (Ac- 
LEHD-AFC number 218765) were obtained from Calbiochom. Rabbit 
polyclonal nntibodie? to p50 (sc-717fi). RelA (sc-309). hemrt£glutjnin 
(KA) («c./7S92>, IkB-« (kc-271), and c-IAP.1. (ac-7943l were procured from 
Santa Cruz Biotechnology (Santa Cru?„ CA>. Moitse monoclonal anti- 
body to easpase 8 UC12). rabbit polyclonal PARP antibody (number 
H542), ond phospho-Akc pathway sampler kit (number &91G*conteinmg 
nn tibodies to Akt and pho.nphO'AkL and LY2940021 were purchased 
from Cell Sibling Technology fBeveTly. MA), und the mnuas mono- 
clonal fifiFR antibody (clone .111) raised agoin*t the extracellular do- 
main of BGFR was a pift (Vom Dr. Yosef Ynrdeo. Weizmann Institute of 
Science, Israel. 

CvU Linus and Culture— Human epidermoid carcinoma evil line A431 
wo* obtained from the National Center for CelJ Science. Pune. Tndia. 
The Cells were grown a* monolayer cultures in Dulbecco's modified 
Eagle's medium supplemented with 1 0% fetal bovine serum and. anti- 
biotics (Invitrojronl. Cella wci*e incubated at. 37 *C in a humidified 
atmosphere Of 5% CO z rand 95% air. 

Transient and Stable Tmnxfectians^A43l-lKB-n cells were tran- 
aiently trnnsfected with r?L4 in pMT2T vrctor M3, 34) using- thp. cnlci- 
um-phoHphate fcrarusfbetion kit llnvitrugren) according tu the manufac- 
turer's protocol. Stable transection* in A431 cells with relA in pWT2T 
vector (co-tran»fccted with pcDNA3^ or the empty vector peDNA.3 or 
peDNA3-I«B-o were carried out by the Li pofcci AMINE method (35 1. 
For the preparation of liposome solution. 20 jimol/ml of stock <prepor*ri 
by mixing 6.6 ^mol of dimethyl dioctndccyl amsionium bromide arid 
13.4 ftinol of dioleyM-phosphatidylethnnoUminc in I ml of etbanol) 
waa diluted into 1 nruol//xl in water. For transection, tho cells were 
seeded to attain 70% confluence in K5-mm Petri dishes. For each dish, 



2 ji£ of DNA and 24 V of liposome solution were mixed in 500 of 
Dulbecco s minimum essential medium free from serum and antibiotic*, 
vortexed, and incubated at room temperature for 30 min. The lipo&umc 
solution (1 ml) was layered over the cells previously rinsed with scrum- 
free medium and left: for 4 h in a Q0 2 Incubator and then the medium 
was replenished with 20% fetal bovine ?erum and reverted hack to 10* 
fetal bovine serum After 24 h. After 72 h, cells were grown m selection 
medhim (400 //e/n\] G418) and clones formed were picked up and 
maintained Separately with 100 i/.g/ml 04 18. 

Western Blotting — Cells were lysed in whole cell lysis buffer C2t) inw 
Tris. pH 7.4. 2f>0 niM NaCl. 2 mw KDTA, 0.1% Triton X 1 IV). 1 mM DTT. 
5 iigfml aprotirtin. 6 figfml leupepein. 0.6 mM phenyl roe fhylsulfonyl 
tluoride, and 4 mM sodium orthovanadate). Equal umounts of total 
protein for cadi sample were separated by SDS-PAGE Rnd electrotran.?- 
■ferred onto nitrocellulose filters, probed with the primary antibodies 
and appropriate peroxidaHC-conjugated seconds ry antibodies, and visu- 
alized with the enhanced chemilumincsccnce (ECL) method OS peT the 
manufacturer^ protocol (Amershom Biosciences). For some experi- 
ments, alkaline phosphata.?c-cnnju^ted secondary antibodies from 
Si^rna were used and the bunds were detected usinp nitro hlue tetra- 
fcolium/5-bromO"4-ehloro-3-Tndn!yl phosphate as substmte. 

Elmrophoretic Mobility Shift Assay tEMSAj—CeWa were washed 
with cold PBS and suspended | n 160 fd of lysto burTer flO mM HRPES 
(pH 7.9V 10 mM KCl f 0,1 mM EDTA. 0.1 mM EGTA. 1 mw DTT, 0.5 mM 
phenylmethylflulfonyl riuorido, 2 ^jmil leupeptin, 2 tx^l aprutinin, 
and O.o mg/ml hfinzo.midine). The cells were allowed to swell for 30 min. 
after which 4.5 mI of I07o Nonidct P-40 was added, vortexed. and 
ocntrifuped, mul the pellet wa.s suspended in 25 p.1 of nuclear extracrioo 
buffer (20 mw HEPES. pH 7.9, 0.4 M NaCl, 1 miw EDTA, 1 mM EGTA, 1 
nUl 13TT, 1 mM phenyimethylsuJfonyl fluoride. 2 ^tg/ml leu pep tm, 2 
Mgrtnl Qprotinin, and 0.5 mg/ml ben2ami.dinc). The nuclcer extract (S 
of protein) collected after 30 min by rcn trituration was used to perforoi 
EMSA by ineubatin^ it with. 16 fmul of ftc P-end loboled 45-mer double 
stva.odcd NF-kB oligonucleotide from the human immunodeficiency 
vima-l long terminal repeat fri'-TTCTTTACAAGGOACTrTCCGOTCci- 
GGACTTTCCAGGGAGGOCTGG-3') in thepreaence ofl w^ml pory(dT. 
dC) in a binding buffer (25 ibm HEPES fpH 7.9). 00 mM NaCl, 0.5 inw 
EDTA, 0.5 m.M DTT. 1% Nomdel P-40, and 5% glyecrol) for 30 min <U 
37 °C ond tho DNA-protcin complex waa resolved using a S.G% native 
polyocrylamidc gel. The )?els were dried and the radioactive bands were 
visualized by phoaphonmopimj fBio-Rad Personal FX). 

MTTAmy— For MTT assay, 25 /xl of MTT solution (6 mg/ml in PRS> 
waa added to cells (untreated and treated) cultured in 96-weH platen 
Colls wer* incubated for % h and 0.1 ml nT the extraction buffer (20^ 
sodium dodecyl sulfate in 50% dimethyl formamide) was udded after 
removal of MTT with a PBS wash. After an overnight incubation at 
37 "C. the optical densities at 570 nrn were measured using a plate 
reuder ( Bio-Rod), vrith the extraction buffer an a blank The relative cell 
viability in percentage was calculated as (A- 70 of treated samples/A^ of 
untreated samples) x 100. 

("H.Jl'hymidinfi Incorporation— Cells grown in Jewell plates were 
treated with or without the indicated concentrations of EGF and at the 
end of 18 h. f a H I thymidine was added to each well (0.5 /wCi/well) and the 
Incubation was continued for a total period of 24 h. The culture medium 
xvae then removed, washed twice with PBS. and the proteins were 
precipitated with 5% trichloroacetic arid. The supernatant was re- 
moved and after washing- with ethsnol, the cells were solubiliKed with 
0.2 * NaOH. and the radioactivity wo?? counted usin^ o liquid scintil- 
lation counter. 

Anrwxln-P? Sf f fining— The cells (10* cells/well) w cr e seeded in 4ft- 
well plates and treated ^vith or without EGF for IB h. Then the cell-? 
were washed with PBS and treated with lx assay buffer, annexm- 
fluorescein isothiocyanate and propidium iodide (PD as per the protocol 
described, in the annexin V apoptosis detection kit (ac-^f^ AK) from 
Santa Cr\iZ BiotechnoloKy. After 10-20 min. the wells were washed 
with FBS mid greenish apoptotic cells were viewed using ft Nikon 
flo.orescent microscope and photographed. 

Comet A/tsay— Comet asaay wos Carried nut esseatiaUy as described 
(.38). Briefly, tbo cella (trcntod with or vviihewt .EGF) were pelleted and 
re puspe tided m 0.5% low melting point agarose at 37 »0 and layered on 
a frosted microscope slide previously cooted with a thhi layer of 0.5<&. 
normol melting agarose and kept for 5 win at 4 # C. Aftor solidification, 
the slides were immersed in I ysing solution (2.6 M Nap, 100 m>5 EDTA, 
10 aw TrL*, pH 10.5. 1% Tr:t<m X-100. and 10% Mc^SO) fhr 1 h nl 4 "C. 
The slides were then electrophorcsed for 20 to 30 min at 25 V. Tho slides 
after electroproiresi* were washed with 0.4 M Tris IpH 7.5> and stained 
with ethidium bromide U ^g/ml) and observed under o Nikon fluore*. 
cent microscope. 
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Assay* nf Caspaue 3 and Caypa»€ 9— The enzymAtit: m-trvitiea of 
caspago 3 or cnapsac 9 wore assayed apectrnfluorS metrically (371. 
Briefly, the whole cell ly*Ate tvns incubated with 50 MM flunrtmetrie 
JFubEtrutoa of casposc 3 (Ac-DEVO-AFC) or caspaee 9 (AcL-EHD-AFC) 
in a tntal volume of 500 p.1 of reaction buffer (50 mM HT£PES-KOH> pH 
7.0, 10% glycerol, 0.1* CHAPS. 2 mM KDTA, 2 mil DTT) at 37 P C for 
t h. The released AFC waa quanfcitateri using « b poet roflu or i meter 
fPci-kuiElmer LS-HOR) with the excitation and emission wavelengths of 
y80 and 461) nm. respectively. Valuer of relative fluorescence vinil* 
released per mg of protein were calculated. 

RESULTS 

EGi^ Induces NF-kB DNA Binding Activity it) A43?Neo but 
Not A43J-TkB'u Cells— The human epidermoid carcinoma coll 
line, A431, overexposes EGFRs (about 2 X 10** EGFRs/cell) 
and has been extensively used aa a model system in study the 
effect* nfEGF on cell proliferation (7, 38-40). To study the role 
of NF-kB in EGF-induced apoptosis, we used A431 cells and 
stably transfeeted them with cither the empty vector (pcDNAS) 
or pcDNA3*lKB-a, a double mutant construct in which both the 
serines (32 and 36) at the amino-terminai of IkB-« are mutated 
to alanine. Because the double mutant form of IkBmc lacks the 
crucial serine residues that need to be phosphorylated by 
NF-kB activators, it is popularly employed to strongly inhibit 
NF-kB (26). A© the construct, pc.DNA3«IkB^cv, contains the he- 
magglutinin tag (HA tag). Western blotting of HA protein was 
used to ascertain, the presence of the mutant )*B protein. As 
expected, all six clones of A491-IkB-u cells (selected by G418) 
showed the presence of HA protcia whereas the A43l-Neo cells 
transfeeted with control vector (pcDNA;3) did not show it* ex- 
pression (Fig. IA). Further experiments with iKB-transfected 
cells were done using only clone 6 of A43MicB~cv cells (showing 
very high HA expression) unless stated otherwise. Western 
blotting with a polyclonal kB-a antibody confirmed that clone 
6 had indeed a higher level of lxB-or expression compared with 
that in the parental aa well as A43t-Neo cells (Fig, 1/?), For the 
Western blots, /^actin was used as a control and the results 
confirm equal loading of the samples (Fig, 1., A aad B). To see 
whether transfer Hon procedures affected the level of EGFR, 
Western blotting was carried out in parental, A431-Neo, and 
A431-IxB-a cells and the results confirmed that EGFK levels 
remained unaffected in these cells (Fig. 1C). Because the very 
purpose of stable transaction was to inactivate NF-kB, it was 
logical to check whether EGF could stimulate the NF-kB DNA 
binding activity in A43l-Neo and A431-I«B-a cells (clone 6) by 
EMS A. Whereas 50 ng/ml EGF enhanced the NF-kB DNA 
binding activity in A431-Neo cells, even 100 ng/ml EGF could 
not induce it in A431-IkB-ct cells and in the abfuance of EGF 
there were no active DNA-binding complexes of jNF-kB in both 
the eella (Fig. ID). To confirm whether the active complex 
contains the classical NF-*B partners, p50 and RelA, the nu- 
clear extracts prepared from A431-Noo cells stimulated with 50 
ng/ml EGF were incubated with anybodies to RelA or poO and 
then EM&A was carried ouL As shown in Kip. t£, both anti* 
bodies shifted the active NF-«B complex fsupershift) whereay 
incubation with excess of an unlabeled oligonucleotide contain- 
ing the NF-kB binding site removed the active complex. Fig. IE 
also shows that transient transaction of A431-I*B-o: cells with 
relA restored the NF-kB active complex, and relA transection 
was used by us earlier to constitutively activate NF-kB in 
1,929 cells (33.L These results confirm that the A4.11-I«B-« 
cells express the mutant form of IxB-a that inactivated NF-kB 
and hence, EGF could not stimulate NF-kB DNA binding ac- 
tivity in these cells. The results also indicate that EGF can 
induce the NF-kB DNA binding activity in A43I-Neo cells and 
the active NF-kB complex contains the heterodirners, p50 and 
RelA. In addition, the results show that RelA, being one of the 
heterodimeric partners of active NF-kB, favors the formation of 
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Fro. 1. Western, blotting Tor HA and I*B-a, and a.wc**went of 
NF-uB DNA binding activity in transected and untranafected 
A43I colls. A, A431 cells were trnnsfected with pcDNAS vector or the 
pcDNA3«T«fB-tt construct using Lipofcct AMINE and the G418-resiatant 
ClOncE were selected e* described under "Experimental Procedure* 
Cell lysatcs (40 fxg of protein) from the vector- tronsfectcd A431-Neo 
cella and the different clone* of A43).Ji<B-cfc cells worfi subjected to 
5DS-PAGE and immunobloCtcd with HA antibody or 0-actin 'control) 
by ECL a« described \mder "Experimental Procediu-es." B, cell lysatefl 
from A431, A431-N*o, nnd the dojie-6 nf A431-IkB-o: celbi wer^ sub- 
jected to Westum blottinc; with nn antibody to IkB-« or /J»nctin (control) 
i^s described obove. C. ^milarly, the ceil lyanl^c frum A431. A43J-Neo, or 
A4yi-lKBwr cnll.t was subjected tn Western blotting with on ontibodv to 
EGFK or fl-actin [control). O, A43l-Neo cells or A43UkB-« cella grown 
in 35-mm Petri (Ushca (1 x 10 ,: cella/dlsh) were treated with EGF at the 
indicated concentrations at 37 °C for 1 h. Nuclear extracts were pre- 
pared and EMSA was done aa describod lindcr •'Experimental Proce- 
dures." A431-NeO cells were treated with 50 np/ml EGF \\a described 
abov? and EMS A wos as before. The nuclear extracts from EOF- 
stimulated Cells were alan incubrt tod with cither RelA or p50 antibody or 
with 10 times excess ol" unlabeled oli^o, One of the lanes h/id the lnidciar 
extract prepared from A431-T«B-ft cells transiently Iransfprted with 
re!A aa doscrihed under "Experimental Pnjccdures" and another lane 
contained the inbeled n%n (frtK' probe) without the addition of nuclear 
extract. All the experiments above wore done at loaat two tia)e.* with 
similar results. The arroLufinarts ifhown in panels D and E indimtr the 
positions of the active ONA-bmdinf: completes of NF-kB. 

active NF-xB DNA binding complexes and has the potential to 
reverse the NF-KB-inaetivafciog: effect of IkB. 

A4>31-IkB'Oc Calls Are Mow Sensitive to EGF-induced Cyto- 
toxicity and DNA Fragmentation Than A43l-Neo Cell*— To 
study the effects of EGF on cell growth under conditions of 
NF-kB inactivatjen, A431-Neo and A43l-lxB-a cells were ex- 
posed to various concentrations of EGF and the cell viability in 
percentage over untreated control wos determined afUr 72 h by 
MTT assay. The MTT assay is a convenient screening aasay for 
the measu.Ternent of cell death while it does not discriminate 
between apoptosis and necrosis. EGF treatment at 0.01 and 0J. 
ng/ml had a stimulatory effect on A431-Nco cella with cell 
viabilities of 130 and 130%, respectively, if tbe viability of 
untreated control was taken as 100% at the end of 72 h (Fig. 
2A>. In contrast. EGF inhibited the A43MxB-a cells with only 



81 and 67*& of cells being alive for the concentrations of 0.01 
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Fia 2. Inhibition of growth and. DNA .oynthcsip and induction 
ofJDNA fragmentation in A43 J-Nco and A431-J*rB.iir cells by EGF- 

A, cells grown in 96-well plates (5 x J.0 n cdls/weU) were ineubuted for 
72 h either with medium or different Concentrations of EGF rs indicated 
and ceil viability was saacm-d by the MTT <may ao described under 
^Experimental Procedures." cells grown m 9S-wcll plates (5 X T.0 3 
colla/well ) were incubated with different, conccntrotiona of EGF lor 24 h. 
and then the thymidine incorporation an n measure of DNA synthesis 
was determined aa described under "Experimental Proccdui'cV and the 
fp*uLtfl nre expressed as percentage ever the control (untreated collsl. 
The above experiments were repeated two times with .similar result? 
and all determination* were marie in triplicate aod the trror bom *how 
the Btandard deviations. C, cell* (1 X W A ) ware seeded in 3. r i-mm Petri 
difihe* and incubated with 5 ng/ml 5IGF for 24 h. After incubation, cells 
were trypsinized, pelleted, and (he comet away wo» done an described 
under ^Experimental ProcedureA* The experiment was ^posted once 
roorD with .similar results. 

and 0.1 ng/ml, respectively, compared with the control (Fig. 
2A). Aa can be seen in Fig. 2A, EGF at a concentration of 1 
ng/rnl and above was inhibitory to both A431-Neo and A431- 
ItfB-rr. cells. Thus, even at concentrations that were stimulatory 
to A431-Nen cells. EGF inhibited the growth of A431-IkB-o 
cells (Fig. 2A) suggesting that A431-IkB-w cells are much more 
sensitive to EGF-induced cytotoxicity and these results were 
also confirmed in 2 other clone* of A431-IkB-ct (data not 
shown). We also examined the effect of EGF on DNA synthesis; 
by the method of thymidine incorporation after exposing the 
cells to different concent™ tioos of EGF f 1-1.0 ng/ml) found to 
be inhibitory to both A4$l-Neo and A431-JkBn* cells by the 
MTT assay. EGF inhibited DNA synthesia in both A43l-Neo 
and A431-IkB-« cells in a dose-depeodent manner and again 
the A431-IkB-o cells were more, sensitive to EGF-induced inhi- 
hition of DNA synthesis (Fig. 2B). DNA fragmentation is an- 
other hallmark of 3poptosift and to detect thi*, we have used the 
single cell g©I electrophoresis (Comet assay), a sensitive tech- 
nique that allows detection of DNA strand breaks. DMA strand 



breaks create fragments that when embedded in agarose gels 
migrate in an electric field. Cells with damac/ed t>NA when 
stained with ethidium bromide appear like a comet and the 
length of the comet tail represents the extent of DNA damage. 
Fig. 2C clearly indicates that well formed comets are more in 
number in A431-lKB-a than A431-Neb cells when induced with 
5 ng/ml EGF while the untreated cells did not exhibit the comet 
morphology in both the cells. These results suggest that A43l- 
IicB-Of cells with inactivated NF-kB are more susceptible to cell 
death induced by EGF compared with A431-Neo cells. 

Relatively More A4311kB-*x Cells Undergo EGF4nditced Ex- 
tcrnalizaUon of Phosphatidylntriw — To assess whei.her the cell 
death induced by EGF involves typical changes encountered 
during apoptosis, we first looked for changes in PS on the cell 
membrane. Under defined wait and calcium concentrations, 
•annexin V is predisposed to bind PS that is externalized to the 
cell surface in the very early stA^es of apoptosis (41, 42), Hence, 
apoptotic cells were delected usiug annexin V labeled with 
fluorescein isothiocyanate and photographed with a camera - 
attached fluorescent microscope. Addition of FT helps to distin- 
guish the early apoptotic cells from late apoptotic or necrotic 
cells because PJ cannot enter the cells in the early stages of 
apoptosis when the membrane integrity i* intact (41, 42). In 
A431-.licB-or cells 37 and 65% were annexin positive after treat- 
ment with 5 and 10 ng/ml EGF, respectively, whereas only 9 
and 23% of the A43l-Nen cells showed annexin positivity 
(greenish yellow) for the same corresponding EGF concentra- 
tions (Fig. 3). Untreated A431-Nco and A431-I*B-« cell* either 
did not show annexin positivity or had a very minimum num- 
ber of positively stained cells (Fig. 3). However, a small per- 
centage of A431-Neo and A43UkB-ct ceJl» also showed typical 
PI staining (yellowish red) suggesting the appearance of late 
apoptotic or necrotic cells with 10 ng/ml EGF treatment (Fig. 
3). These results indicate that in comparison with A43l-Neo 
cells, a relatively large number of A431.-T.kB-r cells exhibit 
externa ligation of F$, a typical feature of apoptosis upon treat-* 
meat with EGF. 

A43J-lKB*ct Cell* Are More Sensitive to EGF-mduced Apo- 
piosis Thai Involves Clcava#t> of PARP. AcUwtton of Caspar 
3 and $. but Not Caspa.w 9 — In many systems caspase 8 and 
cospase 9 act aa initiator caspase* and caspase 3, the effector, 
signals for the final execution of the cells. Pro-caspase 8 was 
cleaved into its active fragments (p43/41 and plfi) by 10 ng/ml 
EGF in A431-Neo cells while even 5 ng/ml EGF could easily do 
it in A43.1-UB-0! cells as visualised by Western blotting and the 
untreated, cells did not show any of the cleavage products (Fig. 
4A). Caspase 3 activity was determined gpectrofluorimetrically 
using a substrate. Ac-DEVD-AFC, an acctylated synthetic tet- 
rapeptide corresponding to the upstream amino acid sequence 
of the caspase 3 cleavage site in PARP, and the fluorphor AFC 
(7-amimv4-trifturomethyl coumarin). Whereas EGF-induced 
caspase 3 activity was 2.1-fbld more than the untreated control 
in A431-IkB-o: cells, it was only 1.2-fold more than the control 
in A431-Ndo cells (Fig. 4tf). Caspase 9 activity was also deter- 
mined fluorimetricaUy and EGF treatment could not induce 
caspase 9 activity in A43l-IxB-o and A43l-Neo cells, whereas 
curcumin used as a positive control activated caspase 9 in both 
cells (Fig. 4C). We also examined the cleavage of a well char- 
acterized caspase 3 suhfttmte. PARP, from its l]6~kDa intact 
form into the 89-kDa fragment by Western blotting. When 
A43VI«cB-a cell* wore treated with 5 or 10 ng/ml EGF, the 
116-kDa form or PARP decreased and the 89-kDa form in- 
creased, indicating that the full-length PARP was converted to 
an apoptotic fragment while the untreated cells showed only 
the unclcaved fragment (Fig- 4D). Jn A431-Neo cells, both con- 
trol and o ng/ml EGF-treated cells did not exhibit tbe cleaved 
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Fig. 3. EGF-induced change* in ennexin-FZ stoning. Celts were 
incubated with or without the indicated concc-ntt At ions of EGF V<jr 16 h, 
fttttf Stained for annexin-PI poettivity (not shown in colnr) as described 
under ''Ex peridental Procedure? ." The same mult* wore confirmed in 
another independent experiment. 

product and even 10 ng/m] BGF could induce only a flight 
PARP cleavage fFig. 4DI The above results confirm that the 
A431-IkB-« cells are more sensitive to EGF-induced apoptosis 
than A43l-Nco cells by showing increased PAKP cleavage and 
higher activation of caspases 3 and 8 but not 9 suggesting the 
operation of s. caspasc 8-mediated extrinsic pathway. 

Chemical Inhibitors of NF-kB Enhance, the Susceptibility of 
A43l-Ne.Q CeUs lake/van Activation of NF«B by RetA Reverses 
the. Susceptibility ofA431-I*B-n Cells to EGF4nducr.d Cytotox- 
icity— To know whether chemical inhibitors of NF-kB would 
also enhance EGF-induced apoptosis, the A43J-Neo cells were 
treated with known inhibitors of NF-kB such as sodium salic- 
ylate (50 jjm) or curcumin (10 ^lm) for 2 h prior to EGF treat- 
ment. When compared with untreated cell*, 77% A431-Neo 
cell* were alive in wells treated with 5 ng/ml EGF for 24 h (Fig. 
5A). If the viability of A431-Neo cells treated with 10 p,u cur- 
cumin alone for 24 h was taken as 100, treatment with EGF 
after pretreatrnent with curcumin reduced it to 71% (Fig. hA ), 
Similarly, if 50 piM sodium sa-Ucylatc presentment is compered 
with or without EGF the viability of A43.l-Neo cells was only 
61% (Fig. ZA\ If iKB-mediated inhibition of NF-kB con posi- 
tively regulate ECF-induccd apoptosis, then this ofTect is ex- 
pected to be reversed by NF-kB. As expected, the transient 
transfection of mlA into A431-IkB-c* cells partly reversed the 
cytotoxic effect of EGF as measured by ao MTT assay (Fig. 55). 
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Y\c, 4, Effects of EGF on the activities of caspasea 8, 3, and Q, 
and PARP cleavage. A. cells (1 X 10*) were seeded in Zn-mm Petri 
dishes and treated with or without EGF for 24 h. To detect the active 
CQtfpaoe 8 fragments, the cell lysatea were resolved an 12* SDS-PAGE. 
el ec trot ronsf erred onto a nitrocellulose membrane, probed with caspasc 
8 Antibody (1:3000), find detected by the alkaline phosphatase method 
uaiiif; nitro blue totrazolium/5-brcnno-4-chloTn-3-indolyl phosphate a* 
Substrate. B. cell.* (1 X 10 fi ) were seeded in 35-mm Petri dishes and 
treated with or without £QF for 24 h. Fifty micrograms of total protrio 
was incubated with 50 pM caapase 3 fluorimetric trahstrotu in a total 
volume of 500 f*.\ of the reaction buffer and the fluophor released was 
quantitated spccirofluorimetric/iily described under "Experimental 
Procedures." C, cells (1 X ^ere flCC <ded in So-jnm Petri dishes *ind 
tntttcd with EOF or curcumin along with untreated control for 24 h. 
Fifty micrograms of total protein was incubated with 50 /am caspase 9 
fluorimetric substrate find the activity wo* (niantitated spectroflueri- 
metrically as above. The rep rod udbility of thc^o experiments was As- 
certained by repeating: them at least two times. £>. colls ( I x XQ n ) were 
seeded in 36-mra Petri dishes and treated with or without EGF for 24 h, 
To detect die cleavage of PARP, whole cell lysstc (40 ^fi) was revolved 
on a 7..W polyacrylamida gel, clCetTotransferred, probed with PARP 
antibody (1:3000;, and dctoctod by ECL recent aa describttf earlier. 
Similar results were obtained when the experiment WU5 repeated. 

The higher expression or RelA in the transfected cells was* 
confirmed by Western blotting and to ensure that proteins were 
loaded easily* 0-actin controls were used (Fig. 5/J, meet). 
The*e results suggest that similar to IxB, NF-*B inhibitors also 
have the potential to enhance EGF-induced cell death and 
NF*kB has a protective role suggested by the higher level of 
resistance of A431rUB-o/ cells transiently tran&fected with rclA 
to EGF-induced cytotoxicity. 

ReLA Protects A43.1 Cells from EGF-induced Apoptow— 
Because RelA reversed the effect of IkB-c* it became relevant 
to know whether, on its own, it can protect the parental A431 
cells from EOF' induced apoptosis, To this end, we trans- 
fected the A431 cell* stably with relA and confirmed tbe 
higher expression of RelA in A431-RelA cells (clone 1 and 
clone 2) compared with A43.1 and A431-Neo cells by Western 
blotting (Fig. 6A). When A431-Neo and A431-RelA cella (clone 
1) were compared for their relative viability in tbe presence of 
varying concentrations of EGF by the MTT assay, A431-RelA 
cells were notably more resistant to EGF (FiR. 6B) and these 



results were also confirmed using clone 2 (data not shown) 

PAGE 44/45 * RCVD AT 12/6/2011 9:37:37 AM [Eastern Staadard Time] * SVR:WM»TOFAX^I01/26 * DMS:2738300 * CSID:120387060©2 * DURATION (mm-ss):09-35 



12/96/2811 10:37 12838706002 



COLEMAN SUDOL SAPONE 



PAGE 45/99 



NF»kB Regulates EGF-induced Apoptom 
A 



25495 



100 




Control Ciirwttfn Sodium salicylate 
(10|iM> (SOpM) 




" -■ 



I 
i 



EGF ln»/ml> 



B 



> f 
I - 

! 3 



110 



50 



- 70 



50 




10 



EOF ( ng/ ml) 



Fl&. 5. Influence of chemical inhibitorH of NF.*B and n?M 
tmnsfcction on EGF -mediated tfrovrth inhibition of A4$t-Nco 
and AdSl-IrfB-™ cells, respectively. A, A431-Nco cells (5 X lO'Vwelh 
w«ro needed into 9G-we11 plates tind pretrea?,ed v/ith 10 piM curcumin, 50 
mm sodium salicylate, or medium nlone for 2 h. The cell* were then 
treated wM or without 5 n^/col EGF for 24 h and the MTT assay wa& 
done of described earlier. Triplicate so tn pics were used and the error 
bars indicate tho standard deviations Rod the results were con firmed in 
another independent experiment. B. A4t < tt.Ti(B-f>' cells were transiently 
transfected with re!A as described under Fig. JJ&. A43 t-Noo and A431- 
IkBvt and the transfectcd cells (A43l-iic8.fT4.RctA) were seeded into 
96-welJ plate,-!! (6 X lttVweU; and treated with the indicated concentra- 
tions of EGF for 24 h and the MTT awifly woa done oa described COrlior. 
Triplicate snmplca ware osed and the emir bars indicate the standard 
deviations. The resulta were confirmed in another independent exper- 
iment. The inm shows Western blots Of RelA ond fl-nctin control in 
A431-NCA A431-I*Bor. and the transfected cell* lA43]Ii<B-a+RclA\ 

but further experiments ^cre done using clone V of A431- 
RelA cells. Similarly EGF-mediated inhibition nf thymidine 
incorporation was relatively more in A431-Neo than A431- 
RelA cells confirming the protective rolo of ReJA ogaiost 
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Fia 6. Western blotting for RelA and EGF -media ted changes 
irt growth, DNA synthesis, caspaao activation, and PARP cleav- 
age* A. A431 cells were cot ran a fee tod with pcDNA3 vector and tv,LA 
PMT2T ennstwet ueine; LipofectAMfNE mid the CA lr>rc$islant clones 
wan? selected oa described under 'Experimental Procedures. 4 ' Cell ly. 
sates (60 ptf of pToteuO frorn the vector- tranafected A431-Neo cells and 
difTercnt clones of A43J.»RclA cells were subjected to SDS-PAGE ond 
immunoblotted with RelA or /i-actin <controH antibody by the alkaline 
phosphatase method an described under "Experimental Procedures." 8, 
oellfl were treated with or without, the Indicated concentrations of EGF 
for 2*1 h ond tho MTT assay was done under the conditions described for 
Fig. 2. Triplicate! sample* were used and tha error fan indicate the 
standard deviations. The results were confirmed in another independ- 
ent experiment. C T cell* were treated with or without the indicated 
concentrations of EGF for 24 h and thymidine incorporation assays 
were done under the conditions described for. Fig. 2. Triplicate samples 
were used and the error hnr<? indicate the standard deviations. The 
remits wore confirmed rn another independent experiment. D. A43l- 
RelA cells wcrO treated witn or without the indicated concentratioaa of 
IlGF for 24 h and caspnae 8 activity wan def^rminod as described for 
Fig. 4. £, cells wore treated with or without the indicated, concentra- 
tions Of EGF for 24 h and cospaae 3 activity wnjs determined as de- 
scribed for Fig. 4, F % cella were treated with or without tho indicated 
cancenr^tttiuns of EOF for 24 h and PARP cienvapu was detemiined ns 
described for Fig, d, 

EG^mcdiated call death (Fig. 6C). In addition, varying EGF 
concentrations even up to 50 nff/rnl could not induce casnnsc 
8 (Fig. 6D) or caapasc 3 (Fig. 6E) activltiee or PARP cleavage 
(Fig. 6F) in A431-RclA cell*. 

KGF Up-ngulaUi* the Expression ofc-IAP) in A437-Nco Calls 
and Uh BasaJ. Expression 1? Higher in.A431.RefA Cdl»— Aa IAP 
is considered to be one of U\t» survival proteins induced 'by 
>TF-kB, it woa of interest to «tudy the effect of EGF and RelA on 
TAP expression. Expression of c-IAPI was observed by Western 
blotting in A433-Neo cells stimulated with 10 ng/ml EGF for 
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